ABSTRACT Membrane immunoglobulin (Ig) of splenocytes and thymocytes of the goldfish, Carassius auratus, was demonstrated by indirect fluorescent-antibody techniques. Observations on shedding and resynthesis indicated that the thymocyte Ig was endogenously produced. The lymphocyte surface proteins were radioiodinated using the lactoperoxidase-catalyzed reaction, and the labeled Ig molecules were isolated by specific precipitation and analyzed by sodium dodecyl sulfate/polyacrylamide gel electrophoresis. The IgM-like membrane Igs of splenocytes and thymocytes were shown to differ in their ease of solubilization with nonionic detergent, and in the sodium dodecyl sulfate/electrophoretic mobility of their heavy chains. The significance of these observations for the evolution of T-cell recognition is discussed.
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Although it is likely that surface immunoglobulin (Ig) functions in antigen-recognition by mammalian B (bone marrow-derived) and T (thymus-derived) cells, it is generally difficult to detect Ig on T cells by direct binding assays (1, 2) . In contrast, thymus lymphocytes of larval amphibians (3), adult teleost fish (4), skates (5) , and urodeles (6) possess surface immunoglobulin demonstrable by immunofluorescence, although present evidence (7, 8) makes it reasonable to presume that the thymus functions in a similar manner in these diverse vertebrate species. Investigations of teleost lymphocytes cast certain problems of immunoglobulin display into sharp relief because these species possess lymphocytes capable of performing both T-cell functions,.such as allograft rejection (9) , and the B-cell function of antibody production. Moreover, teleosts exhibit a "haptencarrier" effect on secondary stimulation (10) which is suggestive of collaboration between antigen-specific T and B cells.
The present study was designed to ascertain the presence and nature of surface Ig molecules on thymus and spleen lymphocytes of the goldfish Carassius auratus, a teleost fish which contains only one type of serum Ig. This molecule is composed of polypeptide chains similar to those of IgM from mammals (11) , but exists as a tetramer in the serum of Cyprinidae (11, 12) . We provide evidence that both splenic and thymic lymphocytes exhibit surface Ig detectable by immunofluorescence. Furthermore, we describe partial characterization of these molecules isolated from cells which were surface radioiodinated in a lactoperoxidase-catalyzed reaction (13 Polyacrylamide Gel Electrophoresis in the Presence of Sodium Dodecyl Sulfate (NaDodSO4/Electrophoresis). This was carried out by the procedure of Laemmli (16), exactly as described previously (15) .
RESULTS

Characterization of the polypeptide chains of serum Ig
The polypeptide chains of goldfish high molecular weight serum Ig, prepared as described in Materials and Methods, were analyzed by NaDodSO4/electrophoresis (Fig. 1) . The molecule was dissociable, with reducing conditions, into one band with a mobility slightly less than that of mammalian ,u chains, and another band with a mobility similar to that of mammalian light chains. There was some apparent heterogeneity in the mobility of the goldfish light chains (Fig. Ic) which resembled that shown by human light chains (Fig.  la) Table 3 . These data suggest that immunoglobulins constituted up to 3% of the labeled membrane proteins extracted from splenocytes by NP 40 and from thymocytes by metabolic release. It is also apparent from these data ( Table 3 ) that NP 40 lysis was far more efficient at solubilizing immunoglobulin from the membrane of splenocytes than that of thymocytes. The labeled material present in the precipitates was subjected to NaDodSO4/electrophoresis analysis. Splenocyte surface immunoglobulin, analyzed under nonreducing conditions, was resolved into two peaks ( Fig. 2A), one with a mobility similar to that of intact human IgG, and one with a faster mobility. On reduction, the splenocyte immunoglobulin resolved into two peaks with mobilities similar to those of mammalian ,u and light chains (Fig. 2B) . In addition, other peaks were seen on these gels (Fig. 2B) . A peak of radioactivity with a mobility faster than mammalian y chain was routinely observed in the specific, but not the nonspecific precipitates. There was also observed, in the specific precipitate, a peak of radioactivity with a relative mobility of around 0.1, which, because of its inconsistent nature, was not further investigated.
The precipitated thymocyte Ig, when analyzed with reducing conditions, was (Fig. 3) with the situation encountered in mammals (2) and chickens (17) but is consistent with those reported for larval Xenopus (3), adult carp (4), skates (5) , and urodeles (6) . A number of studies show that the lymphocytes of cyprinoids possess the capacity to redisplay surface ig after its loss following reaction with antiglobulin reagents. (ref. 4 , and present results). Second, isolated surface Igs of thymus and spleen lymphocytes possessed light (L) chains identical to those of serum 1gM, and a heavy (H) chain comparable in mobility on NaDodSO4/ gels to mammalian ,u chains. The heavy chain of thymus surface Ig expressed a mobility faster than that of spleen ,u chain and this mobility was comparable to that of the T-cell heavy chain of mice (15, 18) . The intact unit of spleen Ig consisted of H2L2 monomers and possibly HL half molecules linked covalently via disulfide bonds. It is more difficult to obtain a clear picture of the intact state of thymus surface Ig, but preliminary results indicate that light chains and A-like heavy-chains can be resolved on NaDodSO4/electrophoresis in the absence of reducing agents. If the divergence among the heavy-chains results from amino acid sequence differences, rather than, for example, carbohydrate differences, then these results suggest that the gene specifying the T-cell heavy chain (AT) diverged from the cistron for the B cell (AB) and serum A chains very early in vertebrate evolution, and preceded the divergence of the ancestors of teleosts and mammals. The third point of note is that use of the nonionic detergent Nonidet P 40, under conditions routinely used for murine B cells (19, 20) , was satisfactory for release of goldfish splenocyte surface Ig, but was insufficient for quantitative isolation of thymocyte surface Ig. This molecule was isolated more effectively from thymocytes by metabolic release, a result which parallels recent observations on murine thymocytes (18) and T lymphoma cells (15) . The plasma membranes of goldfish thymus and spleen lymphocytes, thus, exhibit differences comparable to those reported between murine T and B cells (19) . This observation suggests that the differentiation of lymphocytes into T and B cells was an ancient event in vertebrate evolution.
Much of the tendency to discount the existence of surface Ig on mammalian T-cell stems from the inability to detect these molecules with relatively insensitive techniques such as immunofluorescence. The present results establish that virtually all lymphocytes of a teleost fish express readily detectable surface Ig even though such species possess cells capable of performing functions attributed to T and B cells of mammals (7) . Either T and B cells both carry exposed surface Ig as a usual membrane component, or a primitive cell combining properties Immunology: Warr et al.
of T and B cells exists throughout life in these fish. The latter alternative might be discounted because the heavy chains of thymus and spleen lymphocyte surface Ig differ. Furthermore, results obtained here are relevant to the controversy whether the antigen recognition unit on T cells is immunoglobulin or another molecule specified by genes lying within the major histocompatibility locus. It has been proposed that products of this locus represent a more primitive recognition system than that mediated by Ig variable regions (21) . Teleosts are thought to possess strong histocompatibility antigens (9) but must also possess surface Ig on T-and B-type cells. The minimal argument is that Ig functions in the recognition of foreign antigen by both cell types. Recent evidence indicates that a similar conclusion also pertains for urodeles and cartilagenous fishes, which lack strong histocompatibility antigens (9) but express surface Ig on the preponderance of lymphocytes (5, 6) . Therefore, it is likely that Ig molecules are involved in the recognition of antigen by lymphocytes of all vertebrate species.
